DIFFERENTIAL renal function studies during water diuresis were introduced by Howard and associates' in 1954 to aid in detection of hypertension secondary to unilateral renal disease. To enhance the diagnostic and prognostic value of such tests, many modifications in the conditions for their performance have been developed: Dustan and co-workers2 studied patients during osmotic diuresis with mannitol. Stamey and associates3 induced diuresis with hypertonic urea in saline. Birchall and associates4 suggested a provocative test with hypertonic saline. Jones and Barraclough5 reported their experience with infusion of angiotensin. Madeloff and associates6 concluded that differences in water and sodium excretion in unilateral renal ischemia were accentuated simply by infusion of inulin and para-aminohippurate (PAH) in dextrose and water. Of all these procedures, the one utilizing mannitol has been subject to the greatest criticism on the grounds that functional differences between the kidneys in renal artery hypertension are obscured. 3, 7, 8 The present study was undertaken to determine the value of mannitol diuresis in the investigation of differential renal function in patients with hypertension.
Methods
Twenty-five patients have been studied at Northwestern University Medical Center. In addition to intravenous pyelography and radioisotope renography, aortography was performed in all but two patients. In the latter two, autopsy findings were available. Pharmacological or chemical tests for pheochromocytoma were done in most cases. On the basis of these studies, 18 patients were considered to have essential hypertension and seven renal arterial stenosis.
Stenosis involved the main renal artery in all seven cases, unilaterally in six, and bilaterally in one. In four of the six patients with unilateral stenosis, aortography revealed greater than 75% narrowing of one renal artery at its orifice. Poststenotic dilatation was present in three of these cases. In the remaining two patients, arteriography disclosed a dilated main renal artery from midsegment to bifurcation with a radiolucent line suggesting a dissecting aneurysm in one and a patent renal artery surrounded by an abnormal aggregation of vessels suggestive of a vascular malformation in the other. In the patient with bilateral renal artery disease ( Differences greater than 15% between the two kidneys were considered abnormal or disparate on the basis of studies performed in 21 normotensive subjects." Finally, patients with essential hypertension were compared with those with renal artery stenosis. Per cent differences between kidneys were given a positive or negative sign using the kidney with greater urine flow as zero reference. When the value in the contralateral kidney exceeded that in the reference kidney, the per cent difference was considered positive. When the value fell below that in the reference kidney, the difference was labeled negative. Mean per cent differences for each measurement of renal function were determined, and the values for patients with essential hypertension were compared with those for patients wvith renal artery hypertension by the group comparison t test.12
Results
The results of the split-function studies are listed in tables 1 and 2. Bladder leakage of varying amounts occurred in eight of the 27 studies. Analysis of bladder urine permitted determination of the source of leakage in one patient (case E.S.). Mean urine flow rates exceeded 2 ml per minute in all but one patient (case J.G. May 1966 In more recent studies, the frequency of functional disparities in essential hypertension ranges from 18% in tests performed during ad libitum fluid intake6 to 80% in studies during hydropenia. 15 Two observations may account in part for the frequency of functional disparities in essential hypertensives obtained in the present study. First, Hulet and associates16 noted the appearance of significant disparities in two of three patients with essential hypertension following the initiation of mannitol diuresis in the hydropenic state, which disappeared only when maximal solute-free water reabsorption was attained. In our studies, water reabsorption was almost invariably below maximal levels of 5 ml per minute per 100 ml of glomerular filtrate'7 (tables 1 and 2). Secondly, Madeloff and coworkers6 noted a greater occurrence of disparities when renal function was impaired.
In the present report, functional disparities were found in all patients with creatinine clearance rates below 100 ml per minute but in only one of four patients with clearance rates above 100 ml per minute.
Unequivocal differences in separate kidney function were demonstrated in this study between essential hypertensives and patients with renal artery stenosis. Although an occasional patient with essential hypertension was found to have a difference in one or more measurements of kidney function, overlapping that present in renal artery hypertension, none showed excessive water and sodium reabsorption by one kidney, characteristic of all patients with renal artery stenosis. Moreover, statistically significant differences between the two groups were demonstrated in nine of the 12 functional measurements studied. These findings are at variance with the objections raised by Howard and Connor7 and Stamey and associates3 that mannitol diuresis obscured functional disparities between the kidneys in renovascular hypertension by blocking excessive sodium and water reabsorption in the proximal tubule of the ischemic kidney and with the observation by Farmelant and co-workers8 of the washout of renographic differences between the kidneys in renal artery stenosis after mannitol loading. It should be noted that all of our patients with renovascular hypertension had main renal artery stenosis. Dustan and associates2 found less marked urine flow differences between the kidneys with virtually identical urine osmolality and sodium concentration under similar conditions of diuresis when obstruction was located in a renal artery branch.
Summary
Differential renal function studies during mannitol diuresis were performed in patients with essential hypertension and hypertension secondary to main renal artery stenosis. Brisk urine flow rates with reproducible flow ratios between the two kidneys were obtained in most studies. Functional differences of more than 15% between the kidneys were demonstrated in 56% of the patients with essential hypertension. Nevertheless, the mean differences for urine flow, osmolality, osmolal clearance, total solute excretion, creatinine and sodium concentrations in urine, sodium and potassium excretion rates, and tubular rejection fraction of sodium were significantly less than those seen in renal artery hypertension. All the latter patients showed excessive water and sodium reabsorption by the ischemic kidney and were sharply differentiated from patients with essential hypertension.
